* »iald of the XnTentlon 

. s f - «o«« .l^'—optid «.»!... 1- 

^ieulT. to * ,.vi=e P^id.d »ith two <"» 
»i.t«d S .t. tM X* .«-* tr^torS " 
„ c/^O h»l* a structure c, «dltl- ^"'J^d Wi=« 
Al,o the pre«nt mention relates to a «thod to. driTina 

„ „t "•.xectro-optio.i i- — " ' 

-active el.otro-opticai device with dear .ration 

loval in a digital mode. 

a. Description of the Prior Art utilizing 
An aetiv e liquid crystal electro-optical 

-r„ fvi« devic*. an amorphous or 
ttt is coarenticnally In thxS deVlc -« 

tit is co» while either one 

polyorystallin* ^conductor is used for TFT, null 
* - each picture element 

of conductive type alone is used fc eacn p 

thereof. Namely, an N-channel 

generally linked to the picture element in series. ■ 

Since the dielectric constant in a direction parallel to a 

ovular axis or the liquid cryatal > e * weea 

: ria i9 «^ ^ «~ - a 

the „. e , ue to the material property thereof, arr. W «nt of the 
thereto * direC tions, hcrlzontally- 

composition c« ees.ly ho nade „ tll ixin. the 

or vertically, to the outside ^f'* ^^ \ g twitted 

, ^ ^„ n -r dielectric constant, the amount 
anisotropy of dieiec-r^ liquid crystal 

Ug^t or of diversion thereof is controlled in .x* 
e^tro-optical device, so as to perfor* 0»,OTT display. 

is 3 ehowa an el^ro-optic Property of ne.atio liquid 
cryS /al When the applied T ol*M- i- • " ^ ^ * 



v, or a pot.* A. the —* " *~»"* a 1U« i» appro^at Xr 
... and at V. , point b. it is appreciates «* ~ « 

Ha.* C it 1- approxi^t ly 70*. and at Vd or Point D. it 
\ to approximately ioo*. Therefore, wben the points A and D 
counts to approx^ J ^ bllcK ^te is 

alone are used. «» 

possible, while, when the points B J. or P ^ 

electro-optical property ( transnuttanco) r ;" S 

U ♦ * at.oiay cf intermediate gradation is possible, 
used, the displ*> cf --♦teal device utilizing 

AB for tne conventional electro-op -ical 

*4 M display w« performed By varying the voltage 
T*Ts. sradation display P ^ 

* 0 * gato of tne T2T or that appl-ea 
apP lxed to a g analogue mode, 

thpreof . and controlling tn« vyAta 6 

^electro-optical device utill.i« «T, - ^"^J^ 

an M— I tHia transistor ««« *•» th « 

Md*. an » cna , 0 i t .«.-«urMM characteristic .• 

r:^ix «i» — — suieM - 

and of that utilising poly-silicon. 

,nm III. transistor haviM .uon characteristic in an 

, Jd. drain current can be control^ and therefore 
„: Electric « «. - appneo to th. ii,uld 

cry tal — ^ varied, whereby paction display i. 

X„ tne ease of an d.ctro-opti.el d.vle. havlne picture 

elects of. for — 1 «" II °" e " ^ • " ' 

u „icult to ..nocture all 2 =e.cc, m. without ~««^ 
tM «t Ml . tl „ tS.reof. » i. that 1, *r.de tlo, . 

a« l^tt .« the number „ ir.datlon level, ™* 

. « , 400 picture elements in order to 

optical device bavins «•»« " 4 o° P 

.Lev. productivity and yield retired for practical P««—- 

\7radaticn dispiay *.y b. perfor.ee by predetermine t.e 



value of gate vol*** . vhila carolling only t M turning of 
ON/OFF by gate voltag , and by variably controlling souro or 
drain v Itage. In thl. case, however, about 18 gradation level. 

are considered to be a limit, based on th. fact that the 
characteristic are unstable, la an analogue mode of the gradation 
display control, clear display was difficult due to variation in 

characteristics of TFT. 

Another method of gradation display using multiple frames is 
suggested. As shown in the outline indicated in Fig.il, when a 
gradation display is, to he performed using, for example 10 
frames, by mafcing two frames out of ten. transparent, while the 
reminder of eight frames nontransparent , average 20% of 
transparent can be displayed at picture element A. A picture 
element 3 display, 70* of transparency on an average in the same 
manner, while a picture element C 50% of transparency on an 

average. . 

WUen such a display is carried out. however, sance the 
number of frame is practically reduced thereby, flickering and- 
display failure were generated. To solve the problem, the 
increasing of frame frequency, or the like, i* «« S8 «ted. 
whereas, tne increase in power to be consumed in accordance with 
the increase in driving frequency, as well as the difficulty in 
the achievement of higher operation speed IC. indicated a limit 
cf this method. 

^rvv 5UMMARY OF THE INV5NTI32 . 

An object of the present invention 1. tc provide a statbod of 
^pensatins the variation in characteristics of TFT by inputting 
a reference signal repeated in a certain cycle and having signal 
l.v.l which varies during duration cf the reference signal, from 
a controller side, in order tc clarify the level of applied 
voyage, and by controlling the tine cf connecting the reference 



signal to the TFT by digit. 1 Ttlue, tuxd th reby controlling the 
voltw to ba applied to the TFT. namely, to offer an el.ctro- 
cptical device by using complementary thin fil»- transistor. 
(C/TFTs) having a. structure of modified transfer gate (ktg) that 
performs digital gradation display. 

The method is characterized m displaying gradation in an 
electro-optical device using a display drire method that haa a 
display timing in relation to a time ? tor writing one picture 
plane and a time Ctl for writing in cne picture plane, without 
changing tho tin* P, by applying a reference signal that has 
voltage variation in a cycle that is eaual to the time <t> to one 
of the signal lines that are used for drive and selection of a 
picture element, as well as a selection signal at a certain 
timing within the time <t>. to the other signal line, thereby 
determining the voltage to be applied to a liauld crystal, and 
thereby actually applying the voltage to the picture element. 

in addition, the method is also cnaraeterized in high speed 
control without being limited by several tens of HHs that was a 
limit of data transfer speed for a conventional CMOS, since the 
timing is not dependent upon the transfer of the data, but" is 
processed at a part for signal process, with a high speed clocfc 
being added to a driver ic itself that is put on the electro- 
optical device. 

Fig. 1 shows a concrete drive waveform for driving the 
electro-optical device in accordance with the present invention. 
The ,lactro-o P tic»l device Has a circuit configuration equivalent 
to a circuit diagram having a 2 x 2 matrix form showr- in Fig. 4. 
Herein used is a half wave of a sine wave, as the reference 
sisnal waveform cf varied voltage in a certain pericd of time as 
described supra. Sine waves 309, 310 are applied to V DD1 303. 
v DD2 3C4 that fall in a direction or a scanning line, while two- 
polarity (hereinafter referred to as bipolar) signals are applied 



to v aal a 0 i, v a02 302 that fall in a direction of infornation 11a. . 
Digital control is carried out by a timiai of applying the 

bipolar signals. 

Namely, the amount of charge to be accumulated at the point 
A as well « electric potential at the point A are determined: by 
changing the timing for selecting the signal of varied voltage in 
a oortain period of time , a* .ncnm in 309 and 3lo, and tne ilii 
of the electric field to be applied to the picture element as 
well as to the liquid crystal is dsterminod by dofining a certain 
value for the electric potential 313 of a counter electrode. 

The timing of applying the bipolar signal to gate signal 
lines such as V Q31 , V GG2 is not deter«ninad by the transfer speed 
of the information signal, but is regulated by the referenoe 
clock input to tne driver IC that is directly connected to the 
electro-optical device in the present invention. Namely, in the 
MM of an •lectro-optleal device or euo x 400 dots, drive 
frequency is approximately 2CMH* based on the limitation of GMOB. 
and, in order to caleulats the number of gradation levels by 
utllizins this value, the drive frequency is to be indicated 
as a product of the number of scanning lines, the number of - 
frames, the bipolar pulse, and the number of gradation levels, 
from *hich 20KHr is divided by (400 x 60 x 2>, to obtain the 
number of gradation levels which is 416, and it is needless to 
say that a display having 832 gradation levels ie possible by 
dividing tho display eorsan into two. 

The present invention is characterised in performing 
gradation display in a digital netted, in.f ad of employing tho 
conventional analogue method of gradation display. To obtain the 
effect, in the case of an electro-optical device having picture 
elements of 64C x 400 dots, it is very difficult to eliminate 
the variation in characteristics for all the TFTs cf S6S.000. at 
the time of manufacturing, and. practically, in consideration of 



Bas , products and yield. 16 gredati n display 1« «PP * • 

b . a limit, vher.a., the method ef compensating th. variation in 
characteristic, of xrr, 1. —It- i» ■ at ^ 

inputting a r-t.ra^. signal from a controller aid., in ord e r to 
clarify the level of applied voltage, and by controlling the 
tlni ng cf connecting the reference signal to OT ' by digital 
value, and thus controlling the voltage to he applied to TFT. 
which allows for clear digital gradation display. 

Also, clear digital gradation display is possible without 
changing the number of frames for one picture plane, by defining 
two kind, of drive frequency, whereby the generation of 
flickering concomitant with the decrease in the number of fran.ee 

con fce provontad. 

yor example, when a gradation display is performed in a 
normal analogue node for an slectro-optical doviee, for vhich 
256 000 pairs of TZTs of 640 x 400 dots are formed in 300nm 
square, a 16-gradation display is an upper limit due to the 
variation in ttt characteristics of approximately ±10%. m the 
case of digital gradation display in accordance with the present 
< a vontion, hewer, sines tha variation in characteristic* of TTT 
devices can he compensated, a 206-gradation display is possible, 
end a various and subtle color display of as many as 16,777.216 
jcma, of colors are possible thereby. When a software such as a 
television image is to be projected on the eorssn, for example, 
-he projection of a "rock" scene of the same color requires 
subtle difference in colors due to the existence of slight 
-e-essss and the like thereon, and the 16-gradation display is 
not suitable for the display as close ,o the natural coloration 
-on a* possible. Hcusver, the subtle variation in tone can be 
aisplayed by the gradation display in accordance with the present 
invention. 
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Ta e aecompanyin* drawing, vbioh **• inoorpor 
,or» . o, th. -nuon and aether iritM tt. a.~riptlon. 

serV e to e*pl^ **e P-c iP Xe o, ^ ^ 

»lg. 1 «bow« *a ef a driVe 

u »*v +he ©resent, inrention. 

visits an electric pboto-optlcal onaracterl.tlc « «» 

Fig. 3 Shows a current-voixago 

. niHr-n-n are adopted as materials 

case poiy-slllcon ana eBorpncms silicon m«n 

used tor the Tex- - lrott K or ■= active »«f 

Fig.* shows an example ot e circuit o. 

_n,.fcl« to the present Invention, 
electro-optical device eppliciblo 

.Object to » pert of 2 X 2 structure. 

' »Uows an exa.Pl. ot a circuit of an active aatri* 

.Xectro-optical device applicable to tbe present invention, 
subject to a part ol 2 * 2 matrix structure. 

Pie., corresponding to — » «. arrs= 8 «.»t .f an. 

sctlv. .atrix el.etro-optlc.1 device applicable to the Present 

e„bodilt. she. schematic cress —el vi.« 

^acturin*. Process o, th. T CT appUcsbl. to tb. present 

^T^B and «... *»o„ sciatic structure o, tbe di.plav 
device applicable to tbe eleetro-optlcsl device described In tb. 

""trr.^ • .,«- structure „ a drive circuit tor » 

n • ui. +« the present invention. 
a- P ctro-optical device applicable to tue pr« 

Tl. XI — S a concept o, gradation display in accordance 

witntH. conventional method. ^ 
rig. 12 shows the manufacturing process 



♦ th lectr - oticftl devloe. 
rilter on tne sub»trat« ox ^ prere rred •mbodlment . 

snows tne arrangement. 01 » ■ 

4ppl ioahl. « to the .eoond preferred 

eminent, .»'«'«' lc « „ T ippUctbl , t, the P"..nt 
aanufacturlng proce.s of the 

iny 'Tu!is — ~ — i - of 1 arl " Hlvefora * lccortonce 

„un th. present i""""^; >w , lMtlm x th. eieetro-optlcal 
MTlo.- « aocordano. th. pre 

finder. «i.ctro-optical device in 

m .« eho» 5 an «»L of th. .1- proJ eoUon 
KS ordance with the present invention, of fr 

in aeccrd-c. with the present invention ^ ^ 

. M .t»-«*i~l le C th. application of th. .!e«ro- 

.«.» .no« en «m»i> °* "\"*„ t inv .ntion. to a 
optica! d.vi=. in ao.ordano. -1« th. P« 

personal computer, -preferred embodiment, 

■ m . tl correspond!* ; to ^ ^ 
!no «s the arrangement of the active ■ 

- r r<t » «. — 

PiS9 .2 2 (A) tO CO) lndieRtlng thO 

„ M di».at. .no- cro.. . - tc the present 

n.anufaoturing P«o W . of tb. 

invention. .^«„ a an aquivalent circuit in 

rig. 23 is * circuit diagram lowing 
accordance wizh the present invention. 
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Preferred Embodiment 1 

In tai. .-hodi-nt. a »ail television 1. «.nufeetur.d hy 

»>,« -it .rao'oyed as <"> active devio. of 
.naaufaeturing process of tM ,rr emp-oye „,„„„, m 

the .lectro-optioel d.vi=. 1. i» »!««• * < A > ""^ ' 

" y y Illl silicon that U sheeted to laser annealing 
process is -ased as a semiconductor serial ««- £ 

The arrangement ot t" ""trod., etc. of the actual 

...vice corresponding to th. circuit structure is 
electro-optical device «••»« _ 
shown 1= «!.«. vhich show, only a P*rt correspond,™ to Z X tor 
shown in r— . signal waveform that 

1... thereor for simplification. The driv. sign 

*. actually used therefor is shown in m.l. * »° «" 

signal waveform or 2 * 2 matrix form for simplification 

, 7 th. manufacture of the liquid crystal 

Referring to Jlg.7, tna 

„ m -referred embodiment 1 «ill oe 
»a=.l u«ed in accordance with -he preierrea 

. • . ,„ vis 7 'A), a silicon oxide film is 
described. Referring to vig.7>Aj, tlo .v in . 
manufactured to a tnic.n.ss of 1000-30=0 angstroms a, . Mo ng 
iav.r .1. by 0 a 6 netron » (high fre,».=oy) »•«•"«• » '" 
.. which i. not pensive. and vnloh -dure ^the heat 
tr .atr..„t or not .ore tnan TOO • = . e.g. of ^"^'^^ 
th. =.-«».. condition of oxygen 100, atmosphere, deposition 
!^L-.t«. Of IS -C. output Of 400 to eoow. and th. pr.«ur. of 

; T ;. d.po,ition r .t. ». «. x.. 

,uart, or single crystalline silicon was used as 

An intrinsic, or suhstantlally mtnn 1= slll-on 
„„ 52 was manufactured by pl.» cvp thereupon. The depos ti n 
temperature ranged fro. «C'C -o sso -0. and it was 32 0 - in 



preferred embodiment 1. using mono-silene (3ifl 4 ) " * 
ZcZ gaT can be r p!ao - wit. — f W or 

Z 1 In was Uried out by applying ^ — * •* 

depos rae suitable High frequency 

iS.SSMHs under the pressure of 3?a. The *» 

power is o.o 2 to o,oW, ^ o.o»«/«« was adopted^ the 

+ , T hft flow of nono-silane (SiH 4 ) was 
referred embodiment 1- Tne xxo 

M. and t,e deposition rate at the time was 
1M te. Boron can be added 

a concentration p. l * io» to 1 « io"c- * usi » g diborene 

v „ ««i*±«m in order to oontrol the threshold voltage 
during the deposition, in oraer 

TrI . ^ th. .1U *. ««crib.d b.!=- in .1*11*.* 

manner. 

in the case of sputtering, the back pressure before 

sputtering was no more than 1 * lb"- Pa. and the sputtering was 

perform using a single crystalline silicon as a target, n. he 

sphere in vhioh SO-SO,* of added to arson: .... 

^ of argon and so, of hydrogen. The deposition te^ereture was 

Z-0. 1 the frequency woe -ile the guttering 

output vas 400-800*. and the P re„ure was o..«. in the case , of 

loW pressure «. deposition .as carried out by supplying 

Ai-ilkn. <Si,*e> or tri 8 ilane( S i 3 »s> to a CVT> device, at a 
disilane < Sl 2«e> ^ than that for 

tenperature of 450-550 C. i«w ,„ a<1 H 0 of the 

*c The pressure inside of tne 

crystallization, e.g. at 53u C. Tne p 

, ftnoa „hile tre deposition rate was 50-250 

reactor was 30-30CPa, while wee ««. 

angstroaa /minute . 



oxygen in the film ronned in these manner is preferably not 
9 1 -3 Tt is preferred that the 

mere than 5 x io 21 atotns.cm >. It ^ 

, * « net mora Tna.n 7 x ^ ^ 

oxygon, ooncontration not 
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desirably no more than 1 x lO»»to...«TV in order to promote 
crystalllration, howmr, if it » too low, euxr at leakage under 
the OFF condition of TFT is. inor.as d duo to the Illumination of 
the Back light or the electro-optical device, whereas, if it is 
too high, crystallisation becomes difficult, and thu. laser 
waling temperature must be increased or the laser annealing 
time must be prolonged. The concentration of hydrogen was * * 
10M.ttw.ca- 8 , and is one atcmX compared to the silicon supposed 
to he 4 x io 22 atoms»crc" 3 . 

The oxygen concentration can tie not more than^ 7 x 
10 19 atoms.cm- 3 or desirably nc more than 1 * lo" atoma-em-*, so 
ft3 to promote oryetall i.ation with regard to source or drain and 
oxygen can be added only to the channel forming region of the TFT 
that forme pixel, at ccnoentrat ion- of B x lo" to 5 X 
10 31 atoms* cm -3 by ion implantation. 

A silicon film an amorphous condition was formed at 500 to 
5000 angstroms in the above-mentioned manner, and at 1000 
angstroms in the preferred embodiment 1. 

Referring to Fig. 7 (B), a photoresist pattern 33 is formed 
with opening formed only on the source and drain regions in the 
Photoresist pattern using a mas* Pi. A silicon rilm was 
manufactured thereon, which is to be an n-type activation layer, 
by plasma OVD, at the deposition temperature of 250'C to 350'C. 
e ;g. 320*C in the preferred embodiment 1, using mono-silane 
(S<H 4 ) and 3% • concentration of phcsphine <FH 3 ) of mono-eilan* 
base -hesa were introduced in the POT device at a pressure of 
5Fa, and the deposition was carried out by applying a high 
frequency power of 13.56MHz. The suitable high frequency power is 
O.OS-O.ZCW/cm 2 , and it was O.lSOW/cm* in the preferred embodiment 

The electric conductivity of the n-type silicon layer formed^ 
in the above-mentioned manner was approximately 2 * 10-lcCO-om)- 1, 

11 



while the fll. thickn... ... » «=..tro... The re.l.t » ~. 

then removed « lit*-" ™thod, .= " to for. . 

r ' Si Tp-t^."jiUecn semiconductor l.y.r v.. formed using t». 

/ e-s tr \ and 5X concentration of 
sine process. Mono-silane (SiH.,) ™ 

Ease were used as the introduction 
dlnoraneCBjHj) or mono-allane ease »ere us 

E „ Th„, «r. introduced in th. PCV> at a pr...»» or 

!».', end deposition «. carried out hy «.1tL-> • "** 
power Of 13 ■ 36HHZ • The suitable high fre,u«n=y power i. 0.05 to 
o.aow/om*. end C.MsW "a. adopted in the preferred embodiment 
X IM electric conductivity of the p-t„. silicon layer formed 
t» this manner v.. approximately 5 « 10"» t(0.-)"»l. ^ 
fil, tUflfflM. was 50 angstroms, source, drain regions S9, BO, 
were formed by using the lift-off method in the same manner as 
the »-type region, n. silicon film » was then etched o«, using 
a mas* P., and an island region S3 .or "-channel thin film 
traneietor a. well a. en-i.land region « r=r> channel thin film 

transistor were foraed. ■ 

The source, drain and channel regions vara laser-anneaiad 
using XeCl exoirner whila a laser doping was carried out to 

t *. aetiration layer. As for the laser energy at tho tin,., a 
threshold energy — whereas was retired 

fie „ to melt the entire film thickness. When the energy of no 
16SS than UM/e.1 ls irr adiated fro. .the start, hydrogen 
included in the film is abruptly ejected, .hereby the fx*, i. 

. „ haa to bo oarried out after the 

damaged. ?cr that reason, melting ha 3 to o 

fc y drog~ i* Privily pur«- a, a low energy. In the 
. eabodi^ent l. after the hydrogen was at first purged at 
150.J/«-». oryatalli.ation was carried cut at 23C mJ /cn, . 

By the annealing, the silicon film 1. tranaformed from an 
araQ -phous struoture to tho state of higher order, with a part 
O-r.of being crystallized. In particular, a relatively higher 
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, . . ~. .llieon coated «i» to Be cryatalil*.* 

order p gi-n * Howe»«r, elllc ■ 

,«o a crystalline region by ». — "»•■ ' 

etoma ere P"« therebetween. Imk Romen 

.„,.., r.slons By silicon atoms exis-ing 

eueh regions oy to ^ lr „ nBncy 

spectroscopy resulto » P»a* „._--l The 

*„„ than the single crystalline silicon P.* « •«*- v The 
Pparent grain diameter waa calculated ,0 to SOOA *— 
£ "hand width. «we,.r. In ft. the til. conpri,.. * 
^ crystalline, region, «>Uh constitute * olu.t.r .tructure, 

^cluster. - — « — ««-* " ~ * ^ : 

Between ---- _ ^ _ _ „ lilly no grain 

noundery (hereinafter re»rr.d to a, •> ^^J^ 
91 no. carriers ...Uy -re. B.t»«» th. reactive cluster.^ 

*• e. » rarrier mobility higher than 
ttr eu S h the anchored persons a « rrl « " 

„, . poly-erystalllne silicon in wnicn • 
e" ts is achieved. Namely, Hal! ability f 10- 

"r^sec ei.ctron -ill* M - ~° "- ~ " 

""TsUicon oxide ,U. ™ « * — *»~**« Vil " 

fran 500 to 2000A., e.g.. " 

-hereon in the thickness ranging from boo 

,,t 1n n sls that for the manufacturing of 
1000A. under the same condition as that 

tta aiXicon oxide ,11. as a Mockin* lay-. At t*. of 
Train, the flu.. * «11 amount of rluorina «ay be added 
'♦^reto so as to stabilize sodium ion. 

^tn r, on the upper suriace tner.o,, a silicon «l- 
phosohorus et i to s „ « * 

•„ -osl or W S 1 E t"- '°™ed thereupon, wa. for»ed. 

_, * ,7/ r \ waa thereby obt&5.nea.» a 
•p*. and the structure shown » Fig. 7(E) « J 

„ oe NTFT as vail as a gate electrode 67 for 

gate electrode 86 for NTFT ■ as 
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.or».d: «... « °< "™ 1 "* " * 

.retrod. P-d.ped Si * 0.sp» » *l* -W» »" *»— 

"""i. the eea. W» " • ,1,0tr0<te 

.at.ri.l. after patterning the gate .leotrode -"-£L»^ 
l0 urth Photoae.l ... ..nodic- oxttotion ^ ^. -PPUed to- tb. 
Kr!K , tt « M «. m tni. «... a "if-aligning P"«" ~ *• 

„ w.ia rt f ft. gource and drain can ba 
employed, thereby the contest hole of a »o«ro. 

for«.d clo.er to the get., and the TTT characteristic can M 
turner proved UW.br. cue to the proved .obillty -IX a. 
the red»etion in thre.hold voltage. • 

ta thl, «ay, O/TPI can be .anufactured -ithout elevating the 
t . op «etur. not le.e than 400'c. in .very pree... There for. it 
' is not necessary to use an expensive materia! such a, 
the substrate, and it can be said that thl. is a ».t .« table 

. _ +Vl _ „^ p .. C r E o n liquid crystal display 
process ror manufacturing the viae-sc-e-n 

device in accordance with the present invention. 

Marring to *ig.T<F), « inter-layer insulate materia! ea 
was sputtered. S o as to for, a silicon oxide xil». i» the manner 
described supra. The silicon oxide XiX» can he formed hy WCYI). 
pnoto-cv D , or by atmospheric pressure CVD. at a thickness of. for 

o 2 tc 0.6un», and thereafter, an opening -70 for 
example, O.a tc v.©iun, 

.iectrode was , forced using a fifth photomask : P6 . In addition, 
after aluminum was formed by sputtering at- a thickness of 0.3U* 

» 7A as well as contacts 73, 73 were 

thereupon, while a lead 74 as *eii 

manufactured using a sixth photomask PS, en organic re 6 in 77 
flattening, for example, a translucent pciyinide. resin was 
.ppll.* t- « «« " d ^ ° PeninS 



electrode v.. «r»d again by a .««« pnoto-a.lt FT. *n *T0 
^Clndlu™ tin oxide, v.. »r»«d on the eurfec. thereof at a 
^ tbi— . of by .puttering, and a picture .1— * electrode 

formed using an eighth photomas* n. The ITO «as forced at 
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. tempers racing fro. roo» t.* P ~tur. * ISO and - 

a temperas 200-400 'C in cxy*en or 

■ubjeet d to annaalinfi process a, 200 w» 

atraospher . f af -—j rnu8 obtained were: 

The alsctrlc characteristics of p tjt 

-.^^ .» s a /v) while these of NT FT 
mobility of 40(CTn 2 Vth of -S.*<V>, while 

were : mobility of SCXomVsao) . ana vth of a.O(V). 

Ia this -u».r. oae substrate for the electro-optioel device 

„, t> , rue present Invention, was 
manufactured in accordance with the P" 

The .irin*, .* tw alectroda, «... °* «- 
trustor aad a e-ch^e! t*i» f 11- transistor are Proved on 

* rlrst signal line 3 and a second signal 
the intersection of a first signal * - 
11„. «. the d. T ioa b- » -«U atructur. »"„ «h- «• - 

. „odiTi.d TO w. C/TFT. « 13 1 connected to the second .U-l 
lln e , thxoush a co««t „ - iW u t ter»ina! - • »• ' 

iLi. > . ~— « «- rirat slEM1 llne a - , 

„ t.raina! of a source It i. connected to an electrode IT of 

f-e picture element through a contact. . "\ 

ji . ht-pt 59 the incut terminal or 
On the other hand, regarding PiTT 22, the in. 

. drain 20 is connected to the second signa! «« « 
contact. All. a Sat. tl 1= "nnectea to the 1— ». -* 

£ output tormina! of a .cure. 1.. to th. picture 
el.otr.de 17 through a contact, in the same Banner aa Birr. By 
rep=atl M such a structure h.risontelly and vertically, the 
lle^d ar^atal diapW d.vtc. havin* .!—« »• — * " 

54 o , „0.. >». * ..0. or 1.1. . -00 in thia emWi.ant, M 

""T/thia W . a tint substrate of a pair or substrates «.s 

obtained. . , _ . 

Tie manufacturing method of the other, or a second aubatr.t. 
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. Lna * acb pietur. •lament. The polyinide 

™i*Ad with e red pigment IorB,,u 

mixed tfi^ft * . a tenth photomask PlO. A green 

rot rlixer 83 was formed usix* » tenw pa 

red iixu d ^„ sane manner, 

j4H«r 95 and a oiue i**^* 

1; »i. «* ~ — in nitrosen ,o : *r y 

.. ™.,-atur. of S60 -0 during th. manutaotur. 

fora « at a te TO eratur. rml« *— «- *" M ? °> 

" a „a= oubj.ot.d t° th. P*— • « "» ° ** 

::' a . a „ «»o=p M r.. so a, to obtal* a ^ - 
t-e electrode 90 on. the Beoond aubatrat.. 

.n hour at a temperature of 30o ^. 

: u :r. s o«; " ^ — y «. — 

at in the Initial «tae. «« P™»id.d. _ 

,„ —atic crystal — »nd™h.d by th. 

* »»d th. »«oo»d .«».«.«. .« d«crlb.d .bar.. Th. 

.^Msive. A TAB shaP.d *rl»U« 10 and a PCB oo^lns 

s lg na! and .leotrio potential wiring - conn, d 
le ad» pro,ld.d on th. .Ub,tr.t., and a poiarizin, F.« »» 
."a h.d to th. so a, to obtain a t.an^n-i^.oa 
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type electro -opt leal device. 

A schematic diagram of th lectro- ptical d.vio. in 
acc rdanoe vita this embodim at is »hovn in Tigs. 8 and 9. The 
l<quid crystal panel 220 manufactured in the processes described 
aooY e was installed by combining it with a rear part lighting 
device 221 comprising three pieces or cold cathode tubes 
arranged thereon, and was then connected to a tuner 333 for 
-eoeiving television radio wave, so as to complete the electro- 
optical device. Since the device has a flat shape compared with 
the conventional one of CRT type, it can be installed on the 

wall, and the like. 

Referring to Fig. 10, the driving peripheral circuit or the 
alactro-cptical device In accordance with the present invention 

will be explained: 

A driving circuit 352 is connected to the virtues 330, 351 
on the side of an information . signal, connected to the matrix 
circuit of the electro-optical device. The driving circuit 352 
comprises two parts when divided *y a driving frequency system, 
i e one is a data latch circuit system 353, which is the same as 
in the conventionally known driving method, end which primarily . 
comprises a basic clocK CLX signal circuit 355 for transferring 
the signals or a data signal circuit in order, performing one 

X><t to twelve bits parallel preceding. The other is a part in 
accordance with the present invention, and ..comprises a clock 33T 
corresponding to the degree of division necessary for gradation 
display, a flip flop circuit 358, and a counter 36C. The counter 
360 forms a bipolar pulse generation timing corresponding to the 
-radaticn display data sent fro* the data latch system 393. 
Further, the gradation display data can be controlled in finer 
way, when a ROM table for converting it into sine is used 
between the exit of «ie latch circuit and a data line 361. 

The present invention is characterized in that the clear 
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of fr«... for r.-«ltin« th. .=r«n. by MX n, 

drying *r ««— «« «' Mrttl ° a ° f " n4 *** " ' 

==^1=8 sid. controls the sine w»v. 

liMS " ...iiuti-. ciroui* 3e 5 W a m, 

transmitted from a sine . __„, lg 

, ct 7c 337 and tne select signal is 

flop circuit 366 of a clock CLX 337, 

applied to the signal lines 3«3, a«- 

By digitally controlling tb. tiding for cu.tin, th. sine 
„ a ve signal on scanning side ^ Mpolar pul,* on 

.formation aide, gradation display i. po..i«.. 

an a-logu* .ration display is carried out „ . 

4-^. B lectro-optioal device conprieing, lor 

+h« variation in characteristics of the TFTs 

300mm square, the Tariation ' having 16 

«r.ri thus a gradation display navms 
becomes ±10% as a whole, and tttus a gr di „ lt ai 

,i_i t whereas, vhen a digit ai 
- levels is an upper limit , 

g * , E . raly affected by the -«i.t.on in 

characteristics of TFT9, ana * devioe 
aWon levels is tnus possible for the electro-opt ical devaoe 
gradation * 9V ® A * a _ » *>e9 id4 

-~ wHile various and subtle -expression of 262,14* 
ot t*ie same size, wane wiv^ 
kinds of colors is achieved in color display. 

Preferred Embodiment 2 

T.,e for,»t £ o„ of a vUw fi=o.r for . v.deo oa^era utilixi« 
M . 1UC »-,U»1 device bavin, . dipnoi of o„. » b » 
a^rdance -ith thl. »»c„d pret.rr.d 2 

docoribed balow. 
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in this the boa. r of pictura .1 x 

, MB d uain* a high m^ili^ TIT obtainad 
133. and the derice wa« f rtned using a « ■» 

« n •« to form taa view rinder. Tta 
tev a. low tamparatura proceaa, so aa to Torm * 

L^Lat o, the «tlv. de.ie, on the .«o.trat. =< th. i^u" 

ai .px. y — - «» - 6oainent 15 t shoM! .iL 

„ »a the oi th< " T Pirt " ,h °™. 

* ^noHi to a- A.' cross section 

,i«.14 in ouob a «y that aaeH corra»ponda to A K - 

~< «v,„«n lp *ifi -3. deferring to Fig. 14(A), a 
o_ts« -ross section snova in. tig.-*'- 

"u 0 n oxide m» i. -nurtured ■* ^ °< 1000 " 

Lin., on th. — ™ t. » — -V 

tr „t..nt . f no «» than TOO -c. .... approve!, .00 =. r» 

Ldltiona -=r the pr=«. are. >00> o=cy«e» .tnoaph.ro. formation 
condition, -or t P ^ ^ ^ pr „ attre „. 

o.«a. The «f ualn, or .i«l. c ry .t.llln. 

<n«<m as a targot was 30 to ICOA/min. 

l e i on «U - toen xor«ed W LPCVOUo. pressure 

\o« pressure «F~ ^l*. ~. .-^ . 

nation «- —i- out h, < f 0 « 

. -.lion. (Si,H.) to a evr, device, at a temperature .< «0 to S50 

r:«-c ^ ^ t,. *« 

. : \t ... -0. Th. pr.a.ur. m a reactor «. »0 to OOOPa, 
£ . the til- ron» tl oo rate «ae SO to S.Oa/mln. -on 

j^n-ana at a concentration or 1 x xu 
.died to the film ueing dibo.an. at a co 

to • * loKWa-o*- 3 . durins the manufacture thereof. -= order 
" control the threshold <VtM for m, and W almost 

" °< the .Uio.n fUm formats « — «• 

M c» Pleura oator. S putt= r i« not «,,. 1 « «- J.. «* 

th- xor»ation «. oarried out in t h o .t«.«h.r. ccprl^n* 20 to 
or W -o E e= .ixeo .1* arcon, .... *«o„ ~« »-.d hydco.en 
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u.l« .«>. a~.talUn. .111c... a. • t- t *« f 
U.-tur »a, »e -c. ~» * «e,u„=, or »W f™, 
ap/lle* th.r.to .« .P«t.rl« ~ ° " ' 00, '• 

and th. pr.s.ure vm O.BPa. 

Saloon fll» foraatioa W Pl«— <"» " rrl " 1 "V f 

t.*p.ratur. of, for «-pl.. 30= -C -i« ■.ono-.llan.CS^) « 

ais ilane<Sl 2 H s ,. which «» * » ^ 

freeze, power of U.ieMH. -as applied thereto, ao a, to carry 

,cr. tha» . x 10»W. « «. concentration 1. too ^ 

=r „«lll,atio» * "rd to ooour, and th. t»p.r.t«r. of th.r».l 
L-„..U» S h« to a. al.va M n, or else, th. tl»e of th.r»a 
^e.lln. ha. « h. lon 8 .r. » th. oona.atr.tl.,, 1- *~ ' 
• * « --Fi off state is increased due to the baoS 

i;:r ;:r:rr— » — - r - - 

4 x iO 19 to 4 x 10"atom 9 .c»- 3 . Hydrogen concentration vas 4 x 
■ i . „ to the silicon of 4 x 

I0 20 atonis«cm- 3 , or one aton* compared 

A rt.r a allteon til. Is a,»=r=hou, atat. *aa caaufa.tur.d at. 
. t«o*».« of =00 to S000A, .... at 1.00 A, la th. «-« 
ah.-, — -at tr.at.ent vas o r a. 

o« in a non-oxldatlns at»«.Ph.r. at a taop.rat.ra of 
• C for 11 to 7= hour., for the Ml. was maintained at a 

teW eratur. of 9 0O -e In a M-r.^ adhere. «»* «» 
oxl de m. 1. — nocture « ~ « ^ 
surface under the silicon film, * specific —e-eus woe 
surface una entire body Is uniformly 

to the heat treatment, and the «» r 

L^-annealed. — I,. ™— »™. - ~« 
tSe ■.anufactur. of th. fll-. «- « ""^ 

Ihc .lli..n fll- "« tr«.«»«« «»» !il -""" US 



thoroin 
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, ♦„ tha .**t. of biga«r order, tnroueh th annealin*, 

;;rr,r t^r^ «.«u*-. « • • 

„ Mfl l n of th. .ilieon coated film tends 
f Q -tned between such regions by sil-con 

UAJ, ° *• , i crystal silicon 

B Kif- a d to *** frequency lower than the si-.gle urye- 

8blf ' ■ , ^ „„ nt „. ia diameter thereof Is 

_ _ ^ The apparent s" ai * J " 

::; r^. — - a 

*owever, actually, a film in Semi- 
tic case of a micro-crystal, - oweYei| 

u B .tructur. *«- i«M*»« ™" 

n g io« constitute a cluster structure, d-ters -in* ~« 
.,,h ot\er by bonds between silicon atoms. 

through tM anchored portions, mobility mgne 

t^iiin. eilioon in which GB obviously exists. la 
oolycrystallme e 11181 "' o 

obtained. »*—ly. mobility (uh) of 

exectron ability <ue) of IS to .00«mW>" can be obtain^ . 

When P0l yc r y 8 talli 2 ation of the fU» is carried out by ^ 
mature anneal in, process at ,00-1200 -o. the 

. -^mio tdTinerature annealing process, 

above-mentioned raiadle te=i P era-u. e 

seg re S «ion .f Impurities in the Ml. *» to th. »i« 

6r U *r- nuo!.u., wher.by l^r«i» -«* " «»-■ "'^ 
i;ros .» are Increased in th. «. «*. »1« "» 1D 

b "-l., <°r». a br *« »■ Cons„u e «l„ th. -billt, no 1... than 
„ c**/vsec c.nno* b. -hl«- «- practice, that reason the 

.„».« .e.toonductor havlm se*l-a»orPh=us or s.^-crystalllne 
structure is uses in this embodiment. 

deterring to ,U.14(*1. a smcon .11. 1. ? hoto-e*.=hed by 
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- - M «ion 13 (channel vldth of 30u» * r 
fir .t photomaa* ~* ' Td. of tL a-a' cross section shovn 

NTT was inanufactur d on the .id. of the A a 

in the fli-r., while a region 22 for 

cross section. thereon at a thickness of 

A sUicoa oxide film was formed thereon a _ 
k at 1000A, as * gat. inflating *xl». The 
a0 0 to 20O0A, .... at 100 condifc ton S for 

. . tjas carriefl out. urjuex 

■aaufaotur. thereof was T i Ins as a 

K*r« for the manufaoture of th» ,U1 
those applied for tn- » may be added during 

blading layer. A small amount of fluorine may be 
bloating 17 atabiUz a .odium ion. 

manufacture J* a sUicoa f ilM dope d with 

PtOS?nC C thi silicon and Holybdenu, («.,. -gsten fw) . 

comprising this suicci d wtioh vae than 

^- „r- wsl film formed thereupon, was fcrir.ee, 
MCS1 2 or K31 2 " l " . ugiag a aeaonQ photomas* FH, 

a ^ected to a »*™^ PP x B) M thereby obtain. A 8 ate 
^ xna structure shovn in Fig 14 > ^ ^ ^ 

electrode e for NTFT , as well as a gate 

, BPIB , In this embodiment, as a sate electrode P 

.7»». Keferrins to *ig.i*(C), ooro 

, rt 15„ m -2 to a source is ana a drain zo 

to 5 x 10 ls «n to , ern , ad using a 

. ,«>n> then, a photoresist 61 was -or- 
Eef erring to rig. .4(D). then, P of x *□ B x 

phot—k PIS. Phosphorus ve» ion-doped at a do 

as a source 10 and a drain 12 for KTFT. 
10 1 sa . * 3ate giectrode 

In the case aluminum (Al) " eCl 

. tl after patterning the sate electrode material by a 
a«.raal. » oxid ation can be applied to the 

S9COad tZ" Tt- cas ir-li-l-. Process can he 

S " et'eh, the contact hole of a source and drain can be 

^ployed. vhe.eby chara cteristie can be 

formed close, to thegat ^ ^ as 

rurther improved thereby, due to the impr 
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xne re.uc.lon in ftgain cxrri . d out at 600 "c. 

rt.r»ml angling process was « ^ 
- A >, nu r S By activating impurities. 
Mof ^Tand . «urc. 1.. » -r-. « " 

Banu " ■ 8ata 

11 are xormec »•* 

— - f ;r:;r, zzx 

eueh „„ tur ta« the wide-screen "9»*1 cr 7 ,tal alWl,Ur 

process for manufacturing 

ultn tie present Invention. 
de vlo. in accordance •« tutc< .„ tM5 

TM »=» ii ; s ; ro ; 4 CA)> (D) . H0 ,. ever . «- «— u* 

.«hodi.».»t, shout In B* 4 .pendent upon a. 

Prcc.se shown In »iI.M(M J * Ba „ UIietttrlos ti»e can * 

aesi red ^""'/"^^ _.. ling procs... »«h «1» 

snortenea by replacing these 

cue annealing prooeea shown in ' ^ „ was forBied , 

>iv sputtering a» asscnus- 
^♦.pi-ver insulating filai »y sp^«- 

" " le sUlcon oxide run, can be for..* «r LPCVS, photo-CV». 
eupra. Tfl. .ll«on tMokB ... thereof ««. 'or 

or ay atmospheric pressure cvu. electrode 

Thereafter, an opening 89 for 
«a*pl*. °- a " • "T „ . Alumin um was then sputtered on 

*.* formed usini a photomask ?17. Mubi 

, . „<• th- entire structure, as shown in r.s.m-i. 
the surface of th * ^ _ m _ fa=tur . e usl « a 

a photcmasK Pae spU tteri^. so as to 

An ITO (indiun tin oxtca^ 
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outptrt t nO«l «- -« » ^ „ at elMtrod .. « va. «~ 
ll5 ui a «*«X «vl=.. a. a » w v „ forMd 

tbareby. The ITO *as . in oxygen 

i«n 'C and then annealed at 

.a. _ f a— «. ««— " •* * ^ ^ 

*.i ^iaolay device is a*"™* in Tig- 13. 
liauid crystal display a* signal line" 

- » — t\-x£ — — 

form using C/TFT. »«* drain 10. while 

of the input terminal of a t ^ a " L " 1 

id ' tvcrou^a a contact . 

. til fl picture element t,nrau»a » 

to - electrode 17 of P flf 

on the other hand, regarding PTFT , throllBh a 

* ^ *« tho second signal line 4 through a 
& drain ZO I. connected - th. - ^ 

. ffft f fl 21 is connected to Tiae ai ^ ai 

contact, wnxl. a gate 21 picture element 

^ * ♦ a «,<nal of a source IB. to MB 
tf output terminal ** ^ raaancr aS wr/Thl. 

tetrode 17 through a contact in a " ^ ot „. ■ wlloB t* lJP 

en.Dodi^.ent is formed by repeating .u.h 



and vertically. snut-ering on 

+ ln ax <dej was then forraed cy spw-a-ws 

th . sl »« »» "° - 

. t a — 7 0 t 3,0 -c in c,y S .n or 

K^«*fld to the annealing process at «yv 

ir^ere. * ..l.r nn« 1«« »• «-» <™ l ' 
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sane manner as «»« riB 

fc ae eond auhstrate. ^mted on the substrates by 

A polyimid. pr.cur.or vas th* - ldatlon atao9 ph re, 

- — - ~ r . t - - " • 

.... u « ^ Bathofl . s0 as to change the 

*as then subjects* to a ^ ror a 

liquid crystal molecule to 

lea3 t in the initial stag. — va3 aandtfi£he d by the 

* — ~ i r 3 :::;r 8 r^r- — — 

fir « an. tne ^ d second s „ 0 strates by ah epo*y 

the ^^J*^ Qi the ieads on the substrate vae as . 
adhesive. Since .he pit & C oa . -thod. t* this 

fine as 46am. connection ^ ^ ^ ^ ^ conneCted . by 

embodiment, a gold bus* pr«* subs tra*a were 

-Daliadium, and the lO c ni F 
„ «po*7 t»" ^t^crpMc acrylic re.ln <« 

iu ri.a » 4 fixed br epoxy ^ ^ ^ „i«ri,lni «" 

The driving wav.forn. usea in 

,u.i.. - — 'jr.: « - - » — *■ 

m .„-. ration or a « > ^ ^ „, v „. rig . « 

ortsina! - ^ rtfdi— t u» * 

m accordance wi^n u "- k 
shovs a vie* t^** T ln . y The vi deo camera 

vidoe • camera utlli.i-* the ™ - Mtw . 4 ta tha 

o«*... - — ^^r 1 ; thodo t ube.3 7 l having fit 
manner described supra and a ooio 

emission. „ d'solay is carried out in a 

axsjnole, "i^' * 
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« Gained by dividing * substrate of 300 «n 

B0 - cvbich i -; bt ; i ;; d ari y atloa in mn n.ti« u 

. q uar* i»tc a* piece.) ^ > ftVlag x. gradation 

, 10 * a. a whole, and a gra ^ ^ ^ 

ievsis is thus an upper ^ ^ lnven tion; 

dl8 piay is carried out £ ia ^ c^UUC 

it i. hardly affected by the lon is tnereby 

^ a gradation display h-i»g , f 2(097il5a kia da 

«*kio wb-ile various ana subtle expr 
->r colors is achieved in a 

preferred Embodiment 3. 

, *n>e imago display device 

In this embodiment, a projection type 

. t.j» 17 will be oxpia-inad. 
„ s hovn » *>•«• 17 wl > prcjeotitg part for tna 

Ia embodiment, the i» • bled by three 

proj ^ion ty P9 — - - * ~» * ^ 

^etro-oP-cal -vices zo^ ^ ^ in a 

and 3 0,,300 Dict _ eleroe nt vas 

fo ur- inch diagonal', tie size p 

SQU " 8 ' . . „, the projection type image display 

A3 the structure ° ^J^. 2Ql _ e stalled by 

device, tt» electro-optical ^ ^ lt 

- thrae .leaentary colors oi rea. s 

dividing xnto three .!«> ^ a e iue 

cpmprises a red filter .0.. • - zoe , 2 07, a 

f „ w 204, a reflecting Plate 205. Pr ^ 
filter sn opticas 

a9t al halide light source 20S c. 

f3r feeding. elsct ro-optical device in accordance 

Th9 s -,b S trate of the elec manuf acture d in the 

vith this ^ di 7^ r ^ rr ? d s ^di,ent and ha, a .atrl* 

m& nner described in ^ m9tMl Serial used in 

clr cuit of C/H0S 3tr^ctur e . The « di6perB ion 
thi8 ..*odi«.nt v.. of dispersion type 
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type 



-r~ Mr:: ^"= p :r J : ta — — — 

«. th 'jr . oV ™t .as 1. *~ 

ea.t m.twd. «» . Bl nut«s, a=d » 

stMS p-nere at a «~«» " ° £ torm . d tMrcBy . ecnduct 
ll5 uld costal disFersxcn W-r £ 1=ver 
time can fce snort.aea 6y raducing -h. . 

tM » at^Phera. foraie<i ^ aputt . rlog . „ 

„ ITO < Indium «» «1« m»> ^ , 

„ t . obtain a oount.r, .l«tr°d. .1- » 

transient .Ui~n ra.in ""'* ■ at 100 'C. 

.».. by printing, and «.« b»*ad (« thirt, mlnu.aa 

.,_ * <„ *v, e Preferred Embodiment 1. In a ariving 
described in the Preierr 

ort ro ttie v^rlnss 40fl. 407 on scanning side, tne..raR»P 

connected to trie _ is 

* ra-ne wave ossillating circuit 405 is 

v «n '■he side of a scanning Line 

t-'mine lor cutting the ram? wave on *he side ox 
b ; a bi lar pulse on t» .id. of an Ration line. ■ 
7 exa^e, . S-daticn display i. perked — 

rfa far the •loetro-optieal device comprisins 

:r s °i riiu - ^ i- - - - - 

- « app^atexv «- • » - - 

„ ■« ^ SB i av in aooordance with tie pre.em. 
gradation display « <* w 
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...4 br the variation In 
_ . It la hardly affected oy 
„ „*ver, .«> • « gr ,a.tlon display "a* 1 " 

eB .racterl.tlc. cf T7T devices, a «r ^ 

.. „ levels 1« po.»»". «"- le * T « rlou " *" 
„^tt n level. I t ooiorj pM . ibl ,. 

of as maw a, b6 „ 9lled not only to a 

fn .t type projection television as 111 
U« to a rear type projection television. 

preferred atoodiment * 

ooro ut.r -a. manufactured * * J^anation 

******** device as shown in 5ig.-">> 
dispersion disp^*} GCV1CC 

- .,4 11 Via Hare in made: 
thereof «ll b. » eniodiM nt vas ta. «- " 

The first .* "at. us-d ^ ^ 

that manufactured - -«» »* „ d a tul .«lc acid polymer 

Embodiment 1. A cemat.c l*»uld cry. _ M _ 

« si n »l»«d therein IS, =f a olac, p l^t at . r ^ _ 

— — - • "T« - — - ■ *- 

aPPlied on th. subatrata 210. nit rog«B atmosphere . 

SM t method. The aolvent was then di t p „ slo n U.er 

at 120 -0. tor 150 minutes, and a .»9.-i« 

all „. formed ^"'^ ther8ln , mac* color appear, at 

A . the Olac* »«■«*.-• of epp u..tlc of no 

t M time of 1U« scattering or th _ .„ a ^amission 

el e=trlc flold, ^ ot llrle — • 

etate or at the taw =f appUc dispa „lon type lio,ni« 

_ w - s difficult fc* a cla*** 

f lat display xnat -« " ietter „ ritten on . 

crystal di=pi a y i=» po«ibl» li** » 

.h..t of P*P«. formed by .puttering. 

s to obtain a counter electrode 212. m 
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in* rrcn, room MWir»t«. to 150 "C. a whit - 

-™srr«= ...... ... 

As a aiodific&tion cu thiB 

o1 . r , loB has to bo mane blacx. 
*. «ar ; -hiU odor 

..»» « «- •« l« u 

; iit : t ;« .* «. i««r «■»«» « • •* 

Praf«rrad Embodiment 5 

ln this embodiment, an electronical device provided with 
In thi. comp l 8rce ntary structure for on. 

"° 41fl-d ZZ 1-™.- .V -die «id«i-» — *ue, 
ploW . .!.«* «- mMUlacture of the T^a in accordant 

£S shown in rifi.21. ma sa t ^ ln aoC ordance 

with this «hodin»nt i. basically th 9e8 proceed 

isret erred embodiment, and its pro 
with tha first prererre hovaver , since the 

a6 ehown in rig • ' . nu 

.nodi. o*ld»"== .retrod. material, *° » " 

Gallic -WW «• »•« « = " „ part of „ 

the «i«tt« » u ; 1 ft n e ; e ;i„.„ .luwx, 

1M ulatl» g — ™W 



changed 



fid * ^-^ 0 , k-FT 96 are conr.aotdd to a 

- , * n rlr 21. PTrT 95 alia * v 

MierrlD£ . "I „t. — - a 

drain r«lon. .t lBd connecteti to th* 

* + NTFT are connootad togo^sir 

^".l" !'... The other =« of t*. .««• 

° T " U are connected to a co^on Picture 

regions ox w e 

electrode 108. 
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o. 

, \ „ .iUcca oxide tllm « * 

. 1000 " . >00 °*; r t». proce„ .~ o Wg « 

*» .—It— 4 ' o{ 13 0<ltF « =« .CO to 

Ho.,-.. — * rr r — - w 

„ 1.0 u.i=S ° r 5 " ne 

* — 111,0 « w > i6sM CVB ; t » 

*i-r*t. pnotociaa^ L1 B that 

»1U * »" c p Mn4 , la . = t « rl««. - 

man u£»otur,d oa U». 

a .tii.» ««• iu ° - o ;.E to 3 ooo., .... .* *». 

Baml «cture U»r«* «« ° . blookla g !ay«. 

Tho alloy of «* £ l a ^^.^ of »00. to 

rffltp electrode i« T » * w 
material for a gate atter m« 

„ CT a r iujn, by a lcaow- a? bea-de aluminum 

1.5JUI. e.g. at Am electrode bea-ae 

As tb« material for -W ^ ^ tan t*lu» 

C „K <~>- or an fllm ^risin* a 

".ilieo* and th— ^rl.l. - ^ ^ used . 

Si ncon layer «d a layer ag „ insUla Un 5 

xurtl-r. a .ili- « ^ or at eooOX in t*. 

film 106. at a thinness of 3.00* Then . 

the insulating m« 106 - d •* a second photon p». 

::, ec ted ,o a rriiu r « - 6 

a^d tno fiare electrode lot 
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TM wutnt. — then diPJ 

- " W :: o 1 ;. 0 " s connected *• correspond^ g at. 

virir.g and all tne «» strata ana en anodic 

-„he vicinity of » «* °\\°* Ticinlty <t th9 , 1<U aurfec. 

u sulfuric acid, nitri- acia, 

.tron* acid «* " °- lf " rt=rlc , eid „ eitr io 

pi „phoric .cl,, or a — - - rt ; ri0 b> nMd _ 

?H « .he .ol»ll». -»-» r * ,Ui " d . e<1 out a5 t oUo.»= af-« 
.^j. oxidation was carriea ouw 
The anodic oxiaa a . 6mA / C m 2 in a oen.t«t 

was run at the current density ox 

t !L "or -1-t... •'»"«■ ° f ^ 

a, .»»"«•- voltage m surIlca of the sate 

rum of 2=ooA in «- r««it y of 

, , .a. When th. U.UB11 C3aracx.ri.tic of the » 

electrode. 1 ^trnd under the lame 

- nB T a V f Vr -; iS Nation process, resistive »as 
^ditlon. -.X^o. ~ -> _ 2 x 10 „ v/co ,. 

„• oh n .meter. and dl.lec Sy , 3Cinnins 

The observation of the surface 
.lectron horoscope revealed unevennea, on - 
^pro^at.l, eooo „e 6 nif y in 8 " * {llm . 

....r,., «mch ..eans the ^ , emlcon d u ctor va. 

Atter „ « "'.,.>. ooron v- i.n-i.Pi.^-.d 

removed fcy roalM " = h0>m ln 
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to 5 x ^ 5 c»-* « an purity ror rTTT. on th. 

n tira .urfaca or «" , . « for* a 

concentration of apprcximat ly ^ 

. „ nf otjt . in tnls eaoodiment, ion =«p -a 

source, drain raaion of PT< r8Blo v ad , 

semiconductor fila. photomask P23 as 

nft was formed using t tni-a pa«" 

_ was ion- implanted at a ao8 « 

thorewit*. pbospnnrus was lo 3o ^ tQ 

10l5cm - 2 , to t*e ™ — X020.to ra3 .0 W -3. in 

ob tatn a dope concent™ of PP ^ ion _ irapla „tin* 

tue icn doping process aa d " c * 1 QW for 

* .vHBue to the substrate, xn o*ae. to 

dire eti=» w- .« ° b ^° te ". nt0 , oortion of tt. sealco^uotor 

th. i»P«rity to penetrat* into . ^ ^ ^ ^ 

electrode, so as to make tne electrode. 

su^cl.nt ms^atln* action i. Ioraed in . 

»-i no to an elactroda wiring to Be 
oxidation «il» I'" *° •» -„ M .»ry to form anothor 

allowing and U 1= thu 3 net ...o.a.ary 

In.ulatln. film. ir „diatin£ a las.r 

to the aource and drain regions »• 

—zzl - — r t - ™ 10 rr : 
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ar electrode 102. « tabulating fil» 10« « «i 

no , cvarup vim e-ectro ^ ^ ^ ^ ^ 

aa te .strode 107, an. the — d ^ 

— ~ — out so as to 

^ l ^J^ «« -r cf ^s. - is shown - 



Fig. 22(F). ve ooaiplowatw TFTs, and 

Referring to Fis-S2<e;, 

* th. output terminal thereof to one picture • element 
to connaot the outpu ^ ^ tr«»P«.Bt 

electrode of the liquid crys-ax 

! - an 1-0 <i»di« tin oxide film) vas formed by 
electrode, an 1-0 U phot «o«k ® " « *• 

sputtering, and was etched using » P 
.„„ _ B ioture elamant electrode 108. 

form a pxo-ure transfe r gate TFTs Having arrangement 

in this way. -odxf*.d transfe g coffiplete d. 
a nd structure as shown in Hg.aiU). (O). 

L 2KB) Is a cross sectional ri.» corresponding to a F-F cro„ 

V in Fig ai(A), -Kil. rig.SMO is a cross sectional 
section shown m FiI' a ^ A " . 

* .» r-r' toss section shown in Fig. 81(A). 
view corresponding to an S-B -ross se 

«i cc). the interlayar wiaulatxsag 

as clearly shown in Fig .21(5) . (w) . tne 

CiSW * -i-c+rode 107, and it 

f il» 106 invariably exists on the gate el_c r 

_ _ inter layar insulating means at an. 
woriss sufficiently as an interj-aye 

nf » *at<= wiring 107 and that of a 
intersection of the lead part of a gat- 

uraln wiring 102, whereby the generation o. *lrin 0 
source or drain wiring AW *' 

capacity at the intersection was able to be suppressed, 
capaci-y at was a. having etruoture xn 

in this embodiment. coir.p lenient *ry TF.» having 

.«. *h» ^cinityor wirings is less, and the 

vbi ch the capacity in t>. ~ , ^ 

fe ar of short-circuit in the vicinitj o 

ntln «l.ment substrate. d 
Ihe substrate formed in the manner dmriM above «M 
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.. a «r,t sub.trat. and • • eond .ubstrat (counter •*-«•*> 

.„ f or..d by f«l»« * •—*« ="»" dB ° B * ■ ttb "r t, „"! 
,crtn.r toman, - orientation control «1. thereon Tteflr.t 
and second substrate, were Joined witb eacb other and an *™ 
«,»!« crysta! »as injected b.tveen the fir.. end 
.«..«»«. by . *»o„ technic. An active aatrlx type KN livid 
crystal electro-optical de-rice «as then completed. 

Th . application, to the electro-optical device were 

>'..mniA« howov»r. the present invention 
doearibed in the above examples, now.v-r, * 

ls not lifted terete and the application to ether devices cr to 
a threa-dimeneional iterated circuit device, end so on, is also 
possible . 

The manufacture" or xrT device «u possible -r. thi- 
embodiment, using ...k3 much fever than the*. »»od in the 
.cnventional method. By applying the device of this structure to 
tn. manufacture of a semiconductor appliance, a* the number of 
a ask wae reduced, a manufacturing process was simplified and a 
Production yield »as improved, whereby a eemioonductor 
application device was offered at a more inexpensive 

manufacturing cost- - 

T n this embodiment, the anodic oxidation film vas formed on. 
the surface of the metal gate electrode by the anodic oxidation 
and a three-dimensional Hiring having a grade separation vas 
Provided thereon vhich was used for a gate electrode material, 
and which was provided On the surface thereof. Also, by exposing 
the contact part alone of a source and drain from the gate 
electrode and tn. anodic oxidation film, a to. ding point i. made 
c los-r to the channel and thereby the deterioration in the 
frequency characteristic of the device, and the increase in ON 

resistance were prevented. 

in the case aluminum was used as a gate electrode material, 

*. *r it, i-ha sate oxidation rilm was reduced 
as in this embodiment, H 2 in the gate 
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, ,«.e e't.et »; «itt»i«». " th * ltB * ei 
lEt0 h *y the ,.«««. -J" M4 „ lntertlcUl 

level d natty <Q, 8 > dft vice eharactaristlc was 

silicon sate « * inst " d - 

thereby improved. Ba Li-aligned, and 

sl n« «- °; ;-; e . sour „ ini drlln 

. . i o- the electrode lea - e tne 

ths „o»t«t P*-t e. .,,,-aUgnim »«nn«, the aree. 

r . si =ne «. 1.. positioned in . « ^ ^ 

oI the device reared tor T. . iotiT> 
v- W -.d there*, - --^' apor _ rltl0 OJ 
device of the eleetro-optloel d.v.-.. 

«. euodic «ldetl=c "1- •» "" Md „ T .« 

.« th. e—de «s pos^ve ly 

of TFT oould oa c*.r« u 

least two pieces. ---wed embodiments has been 

The f o r . 8 ci M description « ; «; od _ ription . It la 

tended .0 be obTloallT ^ „»difio.ti»« »d 

?r . c l.e «n. d.s=rloed end ^ ^ 

- posaiB n ;L ..o -t th. 

Mb o*i».nt. ««. cho..n ord . ppli „tion thereor 

" iTTil el—" end vith verioue *oamcetlon S 

rte e^ted t the particular use center— 

1Bea to „ .i„*.«*i.- 

Th. present i..«mio cir ouit i. th. mm 

*avl M e circuit e»o,n » «.."• *» pr0Tl3ea . oa th. 

4- a capacitor is provAac- 

a3 tfc .* S how. m ri g .4 ««pt th * p ^ ^ 

attM t«« and connected to each pxx.l in P 
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... . .^.i », man m T«- ,s - 

A W erV • ^,ll • * M tll< rroel.c«ic lt«.«i* 

t «rio U»« '"'"'a "or,,*.! x„ r proved b.t«« » 

cr7 ,»l - — «~ * "tt^pUo^ the pre.«t 



i*x / » 

pair of substrates in « e 

invent ioa-* 



